Despite the enormous societal burden of alcohol and drug addiction and abundant research describing drug-induced maladaptive synaptic plasticity, there are few effective strategies for treating substance use disorders. Recent awareness that synaptic plasticity involves astroglia and the extracellular matrix is revealing new possibilities for understanding and treating addiction. We first review constitutive corticostriatal adaptations that are elicited by and shared between all abused drugs from the perspective of tetrapartite synapses, and integrate recent discoveries regarding cell type-specificity in striatal neurons. Next, we describe recent discoveries that drug-seeking is associated with transient synaptic plasticity that requires all four synaptic elements and is shared across drug classes. Finally, we prognosticate how considering tetrapartite synapses can provide new treatment strategies for addiction.
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The Fourth Dimension of Drug Addiction
Iconic synaptic connections between neurons consist of specialized morphology and patterned expression of proteins in both pre-and postsynaptic elements. The traditional bipartite synapse provides mechanisms for regulating transmitter release probability and grading postsynaptic responses through ionotropic receptor-mediated ion fluxes and metabotropic receptor intracellular signaling cascades. Excitatory glutamatergic synapses constitute a majority of synaptic contacts in the brain, and extensive research over the past 50 years provides deep understanding not only of signaling produced by acute transmitter release but also of how different stimulation patterns change synaptic efficacy by causing enduring changes in release probability and/or postsynaptic responses. Thus, long-term potentiation (LTP; see Glossary) and longterm depression (LTD) are canonical changes in synaptic efficacy whereby the brain codes environmental experiences, and links these experiences to both adaptive behaviors and the behavioral changes characterizing drug addiction [1].
Glia account for over 50% of all cells in the brain, and traditionally function as structural and metabolic support for neurons [2] . In 1999, Araque et al. coined the term 'tripartite' synapse to account for the emerging role of astroglia in contributing to bipartite synaptic neurotransmission [3] . Astroglial processes tightly ensheath many excitatory synaptic contacts, and the patterned expression of glial excitatory amino acid transporter 2 (EAAT2) and EAAT1 near the synaptic cleft is crucial for eliminating synaptically released glutamate and maintaining the fidelity of synaptic transmission [4, 5] . More recent studies reveal that astroglia can release neuroactive molecules and thereby regulate synaptic transmission, termed gliotransmission. Changes in glial protein expression and morphology accompany enduring synaptic plasticity [6] [7] [8] [9] , and accumulating data demonstrate that astroglia have an important role in dynamically regulating drug-induced structural and functional plasticity [10] .
Trends
Drug-induced plasticity involves all aspects of tetrapartite synapses.
Relapse involves common mechanisms that span multiple classes of abused drugs.
Tetrapartite synapses are novel targets for treating addiction.
